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ABSTRACT
This is a histochemical and biochemical study on a patient with hyalinosis eutis et
mucosae with a 31 year medical follow-up. The most outstanding histological feature con-
sisted of an accumulation of extracellular hyaline material in boundary areas, namely,
upper cutis, around the excretory and secretory sweat ducts, hair follicles and small blood
vessels. This hyaline material was strongly PAS positive, slightly digested by diastase and
stained faintly for collagen with Gomori's tricbrome. Fat stains were negative within the
hyaline material. Following pepsin digestion, most of the PAS positive material was re-
moved, thus, suggesting that the carbohydrate component is most probably linked to a
protein. This protein does not appear to be collagen since it is susceptible to pepsin digestion
and contains tryptophan. An unusual feature was the presence of islands of PAS-positive
material in the external root sheath of several hair follicles which appeared to represent
infolding of the hyaline material from the outer layer of the vitreous membrane. The bio-
chemical studies suggested that the hyaline in question probably represents a glycoprotein
free or loosely bound to collagen, which is not soluble to salt, weak alkali or acid solutions,
Hyalinosis eutis et mucosae (HCM) is a rare
and usually benign genodermatosis which ap-
pears to he transmitted as an autosomal reces-
sive. According to Grosfeld et at. (1), up to
1983 there were about 150 eases reported. The
disease affects the skin and mueosae as well as
various internal organs (2). The purpose of this
study is to report on some histoebemical staining
reactions and biochemical determinations per-
formed on a skin specimen from a patient with
HCM who has had a medical follow-up for 31
years. This patient was previously reported in
1943 by one of us (3) (J.R.S.).
CASE REPORT
This is a 42 year old, white female of Portu-
guese origin who has had her present condition
since early childhood. At the age of 11 years, the
clinical picture could be summarized as follows:
She was born of consanguinous parents (first
cousins) and presented a skin eruption involving
the face, neck, upper back and upper extremities.
The skin of her face appeared thickened, yellow-
ish with ulcerated areas covered by crusts and
multiple varioliform type scars. Her arms showed
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papular and verrucous lesions. There was a yel-
lowish infiltration involving the mucosae, namely,
lower lip, frenum of the tongue, tonsils, pharyn-
geal pillars, pharynx and larynx including the
vocal cords. The rest of the picture included hypo-
plasia of the upper lateral incisors, hoarseness,
dysphagia and zones of endocranial calcifications.
In 1959, she was investigated for porphyrins in the
blood, urine and feces with normal results. The
onset of her menopause took place at age 40 with-
out major complaints. In 1968, her general status
remained unchanged.
Skin biopsy (1943). The derniis revealed a
hyaline material particularly localized around the
blood vessels and sweat glands. The presence of
phospholipids was suggested histocliemically by
the Smith-Dietrich staining method and also by
chemical analysis (3).
MATERIALS ANn METHODS
A large verrucous lesion located on the extensor
surface of the left forearm was surgically excised
under local anesthesia. Part of the specimen was
used for histochemical studies and the rest for
some chemical determinations.
Histology and hi.stochemistry. The specimen
was fixed in 10% calcium buffered formalin. Pre-
cecding paraffin embedding, a sliver of the forma-
lin-fixcd tissue was frozen and 5 micron sections
were cut in the cryostat for the identification of
lipids. The paraffin embedded tissue was treated
in the routine manner and 5 micron sections were
stained with hematoxylin-eosin (H&E), Gomori's
trichrome, Van Gieson-Verhoff elastic stains, or-
cein-Giemsa, Gomori silver reticulum and Go-
mon's methenamine silver techniques (4).
The following histochemical techniques were
used: direct Schiff; pcrformic acid-Schiff; periodic
acid-Schiff (PAS) with diastase digestion; PAS
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following methylation; PAS following acetyla-
tion and deacetylation with potassium hydroxide;
Congo red and crystal violet; colloidal iron with
hyaluronidase digestion (Nutritional Biochemical
Corp., Cleveland, Ohio) and aldehyde fuchsin at
pH 2.7. All the stains and reactions referred to
above were performed according to Lillie (4).
The phosphotungstic acid hematoxylin reaction
(PTAH) was used for fibrin (5). Also Alcian blue
was done at pH 0.9 and 2.9 with hyaluronidase
digestion according to Spicer (6). The folloying
reactions for lipids were used; Schultz reaction,
Baker's acid hematcin, Nile blue, oil red 0 and
Sudan III and IV (4). The dimethylaminobenzal-
dehyde reaction (DMAB) was used to identify
proteins that contain tryptophan (7).
Enzymatic digestions. Digestion studies were
performed on formalin fixed sections. Pepsin di-
gestion was carried out by dissolving 2 mg of
crystalline pepsin (Pentex, Incorp., Kankakee,
Illinois) in 1 ml of 0.02 N HC1 buffered to pH
1.6 and incubating the tissue at 37° C for 2
hours. The HO solution without the pepsin was
used as a control. Trypsin digestion was per-
formed by dissolving 0.1 mg of purified trypsin(Mann Research Laboratories, New York, New
Fm. 1. Full thickness of the entire biopsy show-
ing moderate hyperkeratosis, acanthosis and ir-
regular widening of the dermal papillac with up-
per dermal hyalinization. In the lower dermis,
hyaline deposits in a hair follicle and around the
sweat glands. H&E X 45.
York) in 1 ml of OAJ5 M phosphate buffer, pH 8.9
aod incubating the tissues at 37° C for 40 min-
utes. The phosphate buffer alone was used for the
controls. Trypsin digestion was also performed
followiog heat denaturation of the tissues at 60° C
for 1 hour. After completion of the digestions, all
specimeos were stained with hematoxylin and
eosin, Mason's trichrome and PAS stains.
Chemical analysis. The subcutaneous tissue was
carefully dissected and the epidermis removed
from the dermis by stretching and scraping. The
dermis was lyophilized, and converted into a
powder by passing it through a Wiley micromill
for 5 seconds. Specimens of normal skin obtained
from the abdominal wall of autopsy material
were processed in a similar fashion and used as
controls.
Analysis of the total dermis. Aliquots of the
lyophilized dermis were hydrolyzed with 6 N
HC1, in vacuum sealed tubes for 24 hours at
110° C aod used to estimate hydroxyproline con-
centration by the method of Stegemann (8).
Hoxosamiocs were determioed by hydrolyzing the
specimens in 4 N HC1 for 15 hours, followed by
removal of interfering substances in a Dowex 50
column, according to the method of Boas (9).
Hexoses were estimated by hydrolyzing the sam-
ples in 2 N HC1 in boiling water for 5 hours and
applying the anthrona method. Similar determina-
tioos ware performed on all the controls.
Ground substance. Two hundred milligrams,
dry weight of the patient's dermis was extracted
by stirring with 10 ml of 1 M NaC1 at 5° C for
24 hours. Following cantrifugation at 10,000
R.P.M. for 30 minutes, the supernatant was de-
canted, filtered through a fine syntered glass filter,
dialyzed agaiost distilled water in the cold and
lyophilized. Aliquots were used for estimation of
proteins (10), hexases, hexosamines and bydroxy-
proline. The NaCl extract was also analyzed for
proteins by means of acrylamide gel electrophore-
sis io the vertical slab apparatus of Raymond (11),
using the techoique described by Ornstein (12).
The spacer gel consisted of 3.5% acrylamide, 1 N
HC1, Tris (Tris (hydroxymethyl) aminomethane)
and TEMED (N, N, N', N'-Tetramethylenedi-
amine) at pH 6.7. The running gel consisted of 7%
acrylamide gel in Tris-glycine buffer pH 8.9. One
percent solutions were prepared and 20 microliters
were run at 300 volts, 12 milliamperes per sample,
for 45 minutes. The gels were stained with amido
black and the PAS stain.
Collagen-bound hexoses and hexosamines. The
dermis was extracted in a Virtis homogenizer
with 1 M NaC1, for 45 minutes at 5° C. This opera-
tion was repeated 3 times. After eentrifugation,
the supernatant was decanted and the residue ex-
tracted with 0.1 M citrate buffer. pH 3.6 in a
similar fashion as described above. The residue
was washed twice in distilled water and lyophilized.
Aliquots were taken to estimate hexoses and
hexosamines. The rest cf the residue was con-
verted into gelatin by autoelaving at 20 pounds
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Fia. 2. Detail of dermal papilla emphasizing the sharp outline of areas of hyalinization,
as it relates to the boundaries of vessels and excretory sweat ducts. PAS (Post-diastase)
x 225.
FIG. 3. Arteriole in mid-dermis showing focal, fibrinoid appearance of wall, with sacular
aneurysmal dilatation, similar to vascular changes seen in diabetes mellitus. Sweat gland
duct on the right shows PAS positive thickened basement membrane. PAS (Post-diastase)
x 400.
pressure for 15 hours. After centrifugation, the RESULTS
supernatant was filtered through a fine syntered
glass filter, lyophilized and labeled as gelatin. Histology and histochemistry. The H&E stainAliquots of the gelatin were also used to estimate
collagen-bound hexoses and hexosamines. revealed hyperkeratosis, a thick granular layer,
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2). The changes in the arterioles closely re-
sembled those seen in patients with diabetes
mellitus (Fig. 3). There was marked hyahniza-
tion of the wall of the secretory portion of the
sweat glands. The outer layer of the vitreous
membrane of the hair follicles reacted strongly
with the PAS as well as the islands of hyaline
material within the outer hair sheath (Fig. 4 &
5). The PAS reaction was blocked by methyla-
tion and aeetylation. Since the performie acid-
Sehiff (for unsaturated fatty acids) was negative,
this suggests that the materials stained by the
PAS reaction were neutral polysaeeharides.
Aleian blue at pH 2.9 was slightly positive, and
the material was susceptible to hyaluronidase
digestion (see Table I).
There was an intense network of reticulum
fibers. These fibers were forcibly pushed out by
the accumulation of the hyaline material along
the excretory portion of the sweat duets, along
the capillaries within the dermal papillae (Fig.
6), and around the secretory duets of the sweat
Fm. 4. Close-up of hair follicle demonstrating
infolding of PAS positive, diastase resistant mate-
rial between the cells of the outer hair sheath. PAS
(Post-diastase) X 91.
irregular acanthosis with a Malpighian layer of
approximately 10 to 12 cells thick. The dermal
papillae were wide and the entire upper dermis
had a rather homogeneous, nniform pale rose
appearance contrasting with the normal deep
rose-red color of the lower portion of the dermis,
which had well preserved collagen bundles. There
was a distinct homogeneous hyaline surrounding
the excretory and secretory ducts of the sweat
glands, capillaries and arterioles within the
dermal papillae as well as the meta-arterioles at
the junction of the upper with the lower two
thirds of the dermis (Fig. 1). A few hair follicles,
devoid of sebaceous glands, were noted. Within
the hair follicles there were multiple, distinct,
homogeneous islands of pale, eosinophilie ma-
terial surrounded by normal follicular cells (Fig.
1).
The hyaline stained an intense purplish-red
with the PAS. There was some decrease in the Fm. 5. Close-up of another hair folhcle ex-hibiting features similar to those seen in Fig. 4intensity of the reaction following diastase diges- but stressing the relationship of the basement
tion. The hyaline was particularly concentrated membrane to the islands of neutral polysaecha-
in the upper eutis around the excretory portion rides: Notice, also? heavy hyaline deposits along
arterioles and capillaries. PAS (Post-diastase) ><
of the sweat ducts mad small blood vessels (Fig. 91.
iv. dflsr..A*
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Performic Acid-
Schiff
Periodic Acid-Schiff
PAS following Dias-
tase Digestion
PAS following
Methylation
PAS following
Acetylation
PAS following Dc-
acetylation with
KOH
Colloidal Iron
Colloidal Iron fol-
lowing Hyaluroni-
dase
Alcian Blue pH 2.9
Alcian Blue pH 0.9
Alcian Blue pH 2.9
following Hyalu-
ronidase
Aldehyde Fuchsin
Schultz Reaction
Baker's Acid Hema-
tein
Nile Blue
Oil Red 0
Sudan III and IV
Congo Red
Crystal Violet
Dimethylamino-
benzaldehyde
(DMAB) Reaction
Phosphotungstic
Acid Hematoxylin
(PTAH)
TABLE I
properties of the hyaline
Free aldehyde radi-
cals
Unsaturated fatty
acids, cystine
Neutral polysac-
charides, glycogen,
unsaturated fatty
acids
Diastase removes
glycogen
Blocks carboxyl
groups by esterifi-
cation
Blocks vicinal hy-
droxyl groups
Removes blockade of
vieinal hydroxyl
groups
Acid mucopolysac-
charides
Removes hyaluronic
acid
Weakly acidic muco-
polysaceharides
Strongly acidic muco-
polysaceharides
Removes hyaluronic
acid
Sulfonated acid
mucopolysaceha-
rides
Cholesterol
Phospholipids
Triglycerides, other
lipids
Triglycerides, other
lipids
Triglycerides, other
lipids
Amyloid
Amyloid
Tryptophan and
derivatives
Fihrin
1+
1+
2+
His tochemical
Reaction Specificity Re-suits
Direct Sehiff
glands, although at this site some concentric
rings were noted within the hyaline material
(Fig. 7). The elastic tissue network was some-
what reduced. However, thick elastic bundles
were noted around the blood vessels of the upper
— dermis and also around the secretory sweat
duets. The collagen fibers stained green with
— Gomori's triehrome contrasting with the pale,
greenish-gray, homogeneous appearance of the3+ areas of hyalinization.
Pepsin digestion studies were instructive.
Upon treatment with this proteolytie enzyme,
3+ followed by H&E and PAS stains, the hyaline
deposits became less eosinophilie and stained pale
— gray while the tinetorial properties of the normal
surrounding collagen remained unchanged (Fig.
8). This resulted in a distinct outline of the
— hyaline material, stressing its distribution around
the sweat appendages and the vascular channels.
3+ The disappearance of the PAS material following
pepsin digestion strongly suggested that the
1+ neutral polysaeeharides are bound to a protein.This protein is most probably of non-eollagenous
1+
1+
Fio. 6. Note in the dermal papilla on the right
the circular arrangement of reticuhn fibrils, bor-
dering the hyaline depossts along the excretory
sweat duets. Compare with the other papillae, free
of excretory sweat duets. Gomori's Sslver Reticu-
lum. X 100.
Results were graded as follows: Negative: —;
Slight: 1+, Moderate: 2+; Strong: 3+.
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FIG. 7. Concentric arrangement of reticulin fibers within the hyalinized mantels around
the secretory ducts of sweat eecrine glands. Gomori's Silver Reticulum. X 200.
origin since it gave a positive reaction for
tryptophan and was susceptible to pepsin di-
gestion (collagen does not contain tryptophan
and resists pepsin digestion). The weak baso-
philia of the hyaline areas noted with the tn-
chrome stain was also removed by this enzymatic
pretreatment. The hyaline material both with
and without heat denaturation was less suscepti-
ble to digestion with trypsin.
Frozen sections stained with oil red 0 and
Sudan III and IV revealed fine droplets of fat
in the lumen of some arterioles. No reaction
was observed in the areas of hyalinization. Phos-
pholipids were not demonstrated. There was no
evidence of cholesterol. Under the polarizing
microscope, a few birefringent collagen fibers
appeared entrapped within the hyaline material
at the periphery of the large hyaline mantels
surrounding the coils of the sweat glands. Congo
red and crystal violet stains showed a weak,
spotty positive reaction in some of the mantels
surrounding the sweat glands. The PTAH reac-
tion was negative.
Biochemical analysis. The analysis of the total
dermis is reported in Table II. There were no
significant changes in the concentration of col-
lagen, measured as hydroxyproline, hexoses and
hexosamines. Analysis of the 1 M NaC1 extract
is reported in Table III. There was a moderate
reduction in soluble proteins. Hexoses were
slightly reduced while hexosamines were reduced
by 50%, as compared to the normal controls,
thus suggesting a reduction in acid mucopolysac-
eharides. Acrylamide gel electrophoresis of the
NaC1 extract reveal a substantial reduction in
soluble dermal proteins without significant quali-
tative changes (Fig. 9). Following exhaustive
extractions with 1 M NaCl, citrate buffer and
distilled water, the residue revealed a significant
increase in both hexoses and hexosamines (see
Table IV). This residue probably consisted of
insoluble collagen, some elastic tissue and pre-
sumptive neutral polysacohanides and or acid
mucopolysacoharides. Attempts to extract this
material with 0.1 N Na OH also failed. Analysis
of the gelatins, revealed a normal content in col-
lagen-bound hexoses and hexosamines (see Table
V).
DISCUSSION
The most outstanding histological feature in
HCM refers to the accumulation of an extra-
cellular hyaline material in boundary areas,
namely, upper cutis, around the excretory and
secretory sweat ducts, hair follicles and small
blood vessels. The chemical nature of the hyaline
material in HCM is unknown, although it has
been suggested to be a glycoprotein (free or
loosely bound to lipids), a glycolipid, an acid
mucopolysaceharide, altered collagen or elastic
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FIG. 8. (a) Hyaline mentels, concentrically arranged around the secretory sweat duets(PAS, post-diastase). (b) Pepsin digestion followed by PAS, shows a substantial reduction
of hyaline material around secretory sweat ducts. X 225.
tissue (13, 14, 15, 16). The histochemical features
of the hyaline material in our ease could be
summarized as follows: (1) strongly PAS posi-
tive, slightly digested by diastase (2) stains
faintly for collagen with Gomori's trichrome (3)
does not contain elastin (4) reticulum fibers
present in minimal amounts (5) spotty areas of
faintly positive material with Alcian blue pH 2.5,
and (6) stains negatively for fibrin and slightly
positive for amyloid. Following pepsin digestion,
the tinctorial properties of the normal collagen
remained unchanged while the PAS-positive
material within the hyaline areas was removed,
thus suggesting that the carbohydrate com-
ponent is most probably linked to a non-collage-
nous protein. This last statement is reinforced
by the fact that the hyaline material gave a
positive reaction for tryptophan. Our findings
support those previous studies that suggested
that the hyaline in HCM is a glycoprotein.
Clearly, the hyaline of HCM is different from
that seen in cylindromas, chronic discoid lupus
-
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erythematosus, histiocytomas or keloids (which
stain strongly for collagen with the trichrome
technique) or with those hyalines seen in radia-
tion sequelae and dermal vasculitis (which stain
positively for fibrin) (17).
An interesting feature in the specimen ana-
lyzed was the invasion or deposition of the
hyaline material in the wall of the hair follicles.
These well circumscribed islands of PAS-positive
material reacted only slightly with the Alcian
blue, thus, ruling out alopecia muciriosa. These
islands appear to represent infolding of the
TABLE II
Analysis of the total dermis
Hydroxy- Hexoses Hexosaminespraline
mg/g dry weight
HCM*
Controlsf
120 I 8.0
100
2O7.0 O.l51.6
1.6
0.3
TABLE III
Analysis of I M NaC1 dermal extract
Proteins Hydroxy- Hexoses Hexo-proline samines
mg/g dry weight
HCM* 34 0.50 2.25 0.15
Controist 51
12
0.40 2.75 0.34
0.2 0.6 0.06
TABLE TV
Analysis of dermal residue, previously extracted
with 1 M NaC1, 0.1 M citrate bnffer, pH 3.8 and
distilled water
Hexoses Hexosamines
mg/g dry weight
HCM*
Controlsf
13 2.2
6 0.5 1.1 0.4
* Average of 2 determinations.
t Mean and standard deviation of 5 specimens.
TABLE V
Collagen-bound hexoses and hexosamines
Hexoses Hexosamines
mg/g dry weight
HCM*
Controlst
6.6 1.0
6.0 0.6 0.9 0.06
hyaline material coming from the outer layer of
the vitreous membrane. To the best of our
knowledge, this follicular alteration has never
been reported before.
Urbach and Wiethe (18) originally suggested
that the substance deposited in the affected areas
was a lipid bound to a protein and thus proposed
to designate this disorder as lipoid proteinosis.
In our case lipids were absent in the areas of
hyalinization. Although lipids have been fre-
quently demonstrated in HCM they do not ap-
pear to be an essential feature of the disease, and
Fro. 9. Acrylamide gel electrophoresis, pH 8.6 of the 1 M NaCI dermal extract (a) HCM(b) control. Note a substantial reduction in soluble, non-collagenous proteins but no sig-
nificant qualitative changes in HCM. Stained with amido black.
* Average of 2 determinations.
f Mean and standard deviation of 5 specimens.
* Average of 2 determinations.
f Mean and standard deviation of 5 specimens.
* Average of 2 determinations.
t Mean and standard deviation of 5 specimens.
a
b.
I
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even when present they may not persist through-
out the entire course of the disease (1, 16, 19).
McCusker and Kaplan (13) noted that removal
of the lipids with proper solvents did not affect
the protein-carbohydrate complex, thus suggest-
ing that these lipids are probably free or loosely
bound to the hyaline material. Chromatographic
analysis of skin lipids in HCM revealed no
qualitative differences between affected areas and
normal controls (20).
The data obtained by chemical analysis was
not conclusive since we did not succeed in isolat-
ing the hyahne in question. The chemical and
electrophoretic data of the 1 M NaC1 dermal
extract, (which removes most of the soluble com-
ponents) revealed no significant changes except
for a reduction in hexosamines and soluble
proteins. However, when the dermis was ex-
haustively extracted with 1 M NaCI and 0.1 M
citrate buffer, pH 3.8, the residue did show a
significant increase in hexoses and hexosamines.
Since the hyaline was strongly PAS positive and
reacted very weakly with stains for acid muco-
polysaccharides, this suggests that the material
in question may represent a neutral polysac-
charide, free or loosely bound to collagen since
after gelatinization there was no increase in
collagen-bound hexoses and hexosamines.
Addendum
Recently Dr. Ramos e Silva performed a new
biopsy from a papular lesion of the neck which
revealed substantial amounts of material which
stained positive with Sudan III.
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